RESULTS OF ADDUCTORS MUSCLE TENOTOMY IN SPASTIC CEREBRAL PALSY  by Guglielmetti, Luiz Gabriel Betoni et al.
7E DECLARE THAT THERE IS NO CONFLICT OF INTERESTS IN THIS ARTICLE
ORIGINAL ARTICLE
Rev Bras Ortop. 2010;45(4):420-5
Médico Assistente e Chefe
RESULTS OF ADDUCTORS MUSCLE TENOTOMY 
IN SPASTIC CEREBRAL PALSY
Luiz Gabriel Betoni Guglielmetti1, Ruy Mesquita Maranhão Santos1, Rodrigo Góes Medea de Mendonça1, 
Helder Henzo Yamada2, Rodrigo Montezuma César de Assumpção3, Patricia Maria de Moraes Barros Fucs4
ABSTRACT
Objective: Radiographic evaluation of the evolution of hips that underwent soft-tissue release. Methods: This was a retrospective 
evaluation on 101 spastic cerebral palsy patients who underwent soft-tissue release between 1991 and 2006. Forty-four patients met 
the inclusion criteria: 23 boys and 21 girls; 34 diparetic and 10 quadriparetic. Functionally, 29 were non-walkers, five were able to 
walk at home and 10 were able to walk within the community. Reimers’ index (RI) and the acetabular index (AI) were measured on 
pre and postoperative radiographs, with a minimum follow-up of three years. The mean age at the time of surgery was 6.4 years. 
Results: The results were considered good if the RI had reduced, or had increased by less than 10%. This was found in 52% of 
this study. We observed a clear improvement in IR, along with worse results in patients with more than five years of postoperative 
follow-up. Conclusion: Soft-tissue release should be performed as early as possible, regardless of age, walking condition, clinical 
type, RI, AI or sex, and as soon as the patient clinically presents less than 30° abduction, because of the benefits relating to walk-
ing, prevention and treatment of subluxation, hygiene and pain relief.
Keywords – Cerebral palsy; Hip dislocation
1 – Resident Physicians in the Department of Orthopedics and Traumatology, Santa Casa School of Medical Sciences, “Fernandinho Simonsen” Wing, Santa Casa de Mise-
ricórdia de São Paulo.
2 – Attending Physician in the Department of Orthopedics and Traumatology, Santa Casa School of Medical Sciences, “Fernandinho Simonsen” Wing, Santa Casa de Mise-
ricórdia de São Paulo.
3 – Attending Physician and Head of the Neuromuscular Diseases Group, Department of Orthopedics and Traumatology, Santa Casa School of Medical Sciences, “Fernandinho 
Simonsen” Wing, Santa Casa de Misericórdia de São Paulo.
4 – Attending Physician and Head of Clinical Medicine, Department of Orthopedics and Traumatology, Santa Casa School of Medical Sciences, “Fernandinho Simonsen” 
Wing, Santa Casa de Misericórdia de São Paulo.
Work performed in the Neuromuscular Diseases Group, Department of Orthopedics and Traumatology, Santa Casa School of Medical Sciences, “Fernandinho Simonsen” 
Wing, Santa Casa de Misericórdia de São Paulo. Director: Prof. Dr. Osmar Avanzi.
Correspondence: Patricia Maria de Moraes Barros Fucs, Rua Dr. Cesário Motta Jr. 112, 01227-900 São Paulo, SP. E-mail: dot.neuromuscular@santacasasp.org.br
INTRODUCTION
Children with cerebral palsy may present subluxation 
or dislocation due to spasticity(1,2). It is believed that this 
may result from the muscle imbalance that causes ano-
malous hip positions in adduction, flexion and internal 
rotation(3). The severity of the hip dislocations is related 
to the degree of spasticity and functionality. The preva-
lence of this condition was found to be 80% in one study 
(35 out of 44 children) and it was more frequently seen 
in children who were non-walkers with quadriparetic 
conditions(4). The secondary effects of spastic subluxation 
and dislocation include problems of positioning, perso-
nal hygiene, walking and pain. In addition, the adducted 
position of the hip contributes towards the development 
of pelvic tilting and subsequent scoliosis(5,6).
Different surgical procedures, including both soft-tissue 
and bone operations, may be used to treat these conditions, 
depending on the child’s age, severity of the condition 
and abnormality of the hip. Soft-tissue surgery (muscle 
resection and tenotomy) acts to prevent subluxation and 
dislocation of spastic hips(7,8). However, there are doubts 
regarding the age, indications for the surgical procedures 
and the muscles involved, along with the postoperative 
management(9) and the durability of the result obtained.
The aim of this study was to radiographically 
evaluate the evolution of the hips of children with 
diparetic and quadriparetic cerebral palsy, after per-
forming soft-tissue release (tenotomy on the adductor 
and gracilis muscles).
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SAMPLE AND METHODS
The method consisted of a retrospective assessment 
on 101 patients with a diagnosis of diparetic and quadri-
paretic cerebral palsy who underwent soft-tissue release 
surgery (tenotomy on the adductor and gracilis muscles) 
between 1991 and 2006, performed by the Neuromuscular 
Diseases Group of the Department of Orthopedics and 
Traumatology, Santa Casa School of Medical Sciences, 
“Fernandinho Simonsen” Wing, Santa Casa de Misericór-
dia de São Paulo. Among these, 44 patients fulfilled all 
the inclusion criteria (complete clinical and radiographic 
follow-up), of whom 23 were male and 21 were female, 
and there were 34 diparetic individuals and 10 quadripare-
tic individuals. Their walking condition was assessed be-
fore the operation and it was found that there were 29 who 
were unable to walk (non-walkers), five who were able 
to walk at home (home walkers) and ten who were able to 
walk within the community (community walkers).
The patients’ mean age at the time of the surgery was 
6.4 years, with a range from one to 20 years.
Surgery was indicated for the patients with abduction 
of less than 30 degrees, which was investigated with the 
hips extended and using the stretch reflex.
The radiographic analysis was conducted using Rei-
mers’ index (RI)(7) and the acetabular index (AI)(10) as 
the parameters. Reimers’ index(7) consists of the per-
centage migration of the femoral head, obtained as the 
percentage of the femoral head that is lateral to Perkins 
line, in relation to the total diameter of the proximal 
femoral epiphysis. Reimers considered that up to three 
years of age, normal hips would present a femoral head 
completely covered by the acetabulum. Between the 
ages of four and 16 years, it was considered that nor-
mal hips could present up to 5% lateral to the Perkins 
line. In patients with cerebral palsy, hips with more than 
33% migration were considered to present subluxation, 
and with 100% migration, dislocation(7). We divided the 
groups to stratify the preoperative radiographic condi-
tion as follows: normal RI < 20%; hip at risk, RI 20 
– 32%; subluxation, RI 33 – 89%; and dislocation RI > 
90%, as described by Terjesen et al(11).
The radiographic parameters were measured on pre-
operative radiographs and on the most recent radiogra-
ph obtained, in anteroposterior view of the pelvis. The 
minimum time that elapsed between the preoperative 
and postoperative radiographs was three years and the 
maximum was 15 years, with a mean of five years and 
11.5 months (Figures 1, 2, 3 and 4).
Figure 1 – Male patient (case no. 1), aged seven years and three 
months: preoperative anteroposterior radiograph of the pelvis
Figure 3 – Male patient (case no. 2), aged eight years and two 
months: preoperative anteroposterior radiograph of the pelvis 
Figure 2 – Male patient (case no. 1), aged 21 years and two 
months: anteroposterior radiograph of the pelvis produced six 
years and 11 months after the operation
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Table 1 – Results according to motor function
Function
Result
Good Poor Total
Community 
walkers
7 3 10
Home walkers 2 3 5
Non-walkers 14 15 29
Total 23 21 44
Source: SAME-ISCMSP
Regarding the types of spastic cerebral palsy, 34 pa-
tients were diparetic, with good results in 18 (53%). 
Among the quadriparetic patients, five (50%) presented 
good results. The patients’ ages at the time of the surgery 
were also evaluated. For this, the patients were divided 
into two groups: four years of age or under; and over 
four years of age. Good results were obtained in seven 
(50%) of the 14 children in the younger group, and in 16 
(53%) of the 30 children in the older group. Thus, there 
was no prognostic trend regarding the age at the time of 
the surgery (p = 0.837 from chi-square), as represented 
in Figure 5.
 Figure 5 – Results from the surgery according to the patients’ 
ages at the time
Figure 4 – Male patient (case no. 2), aged 11 years and eight 
months: anteroposterior radiograph of the pelvis produced three 
years and six months after the operation
Tenotomy was performed on the adductor muscles 
bilaterally (long adductor, short adductor and gracilis). 
The patients were kept in a bilateral plaster cast covering 
the legs and feet, with an abduction bar, for three weeks, 
followed by physiotherapy.
The criteria for evaluating the results were in ac-
cordance with Kalen and Bleck(12), i.e. the results were 
considered good when the RI decreased or did not in-
crease by more than 10%; if it increased by more than 
10%, the result was considered poor. We analyzed the 
hips separately and the patients as a whole. In the latter 
case, the side most affected was noted.
To evaluate the qualitative variables between each 
other, the chi-squared or Fisher’s exact test was used. 
To compare the variables from before to after the ope-
ration, in order to assess the evolution, the McNemar 
test was used. The software used was Epi-info 6.0 and 
SPSS for Windows (v. 13), and results were taken to be 
statistically significant when p < 0.05.
RESULTS
The mean length of follow-up was 5.9 years.
Among the group of 44 patients (88 hips), good results 
were obtained in 23 patients (52%) and poor results in 
21 (48%). Regarding walking function, among the 10 
community walkers, seven achieved good results (70%); 
among the five home walkers, two obtained good results 
(40%); and among the 29 non-walkers, 14 presented good 
results (48%), p = 0.417 (chi-square test) (Table 1).
The results from patients with follow-up less than 
versus greater than or equal to five years were com-
pared. It was observed that in the group with less than 
five years of follow-up, 13 (65%) of the patients ob-
tained good results, while in the group with more than 
five years of follow-up, 10 (42%) presented a good 
result, thus showing radiographic worsening over the 
long term. The statistical analyses on sex, type of ce-
rebral palsy (diparetic or quadriparetic) (Figure 6), 
walking function (community walker, home walker or 
non-walker), age at the time of the surgery (less than 
or equal to four years versus more than four years of 
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Table 2 – Results according to Reimers’ index on the right side 
before the operation
Result
Preoperative right-
side RI
Good Poor Total
Normal 10 11 21
At risk 8 2 10
Subluxated 12 1 13
Total 30 14 44
Source: SAME-ISCMSP
RI: Reimers’ index
Table 3 – Results according to Reimers’ index on the left side 
before the operation
Result
Preoperative left-
side RI 
Good Poor Total
Normal 11 4 15
At risk 12 4 15
Subluxated 10 4 14
Total 33 11 44
Source: SAME-ISCMSP
RI: Reimers’ index
Table 4 – Results according to Reimers’ index for both sides 
before the operation
Result
Preoperative 
total RI 
Good Poor Total
Normal 5 7 12
At risk 8 6 14
Subluxated 9 9 18
Total 22 22 44
Source: SAME-ISCMSP
RI: Reimers’ index
Comparison according to the presentation (normal, 
at risk or subluxated) before and after the operation pro-
duced p > 0.05 (McNemar) on both sides, i.e. without 
statistical significance (Tables 5, 6 and 7).
DISCUSSION
The 44 retrospectively selected patients were asses-
sed to find evidence regarding when tenotomy of the 
adductor muscles should be performed and whether 
there were any prognostic indications, and in order to 
make comparisons with results in the literature. It ne-
Figure 6 – Results from the surgery compared with the functional 
type of cerebral palsy
Figure 7 – Result from the surgery, according to the length of 
follow-up
age) and length of follow-up (less than five years ver-
sus greater than or equal to five years) (Figure 7), in 
relation to good or poor results, did not show statistical 
significance (p > 0.05).
The hips were evaluated separately and per patient, 
noting the worse side. In relation to the right side, 21 
patients initially presented a normal hip, 10 were at 
risk and 13 were subluxated. Among the normal right 
hips, 10 (48%) obtained a good result; among those at 
risk, eight (80%) and among the right subluxated hips, 
12 (92%); thus, presenting statistical significance: p = 
0.016 (chi-square). No statistical significance was seen 
on the left side: p = 0.853 (chi-square), although good 
results were found for 11 (73%) of the normal left hips, 
12 (80%) of those at risk and 10 (71%) of the subluxated 
left hips (Tables 2 and 3). By assessing the patients and 
considering the worse side to be the final result (Table 
4), good results were found in five (42%) of the normal 
hips, eight (57%) of those at risk and nine (50%) of the 
subluxated hips, p = 0.687 (chi-square).
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eds to be borne in mind that tenotomy of the adductor 
muscles is not only for prevention but also for treatment 
of subluxated hips. There are other benefits such as im-
provement of walking and the ability to stand upright, 
increased abduction, improved hip symmetry, facilita-
tion of hygiene and pain relief(11).
The results have been defined in certain ways. 
According to Kalen and Bleck(12), good results occur 
when there is a decrease in RI or an increase of not 
more than 10%. Silver et al(13) considered that the 
results were unsatisfactory if patients required new 
surgery to acquire hip stability (soft tissue or bone). 
Turkey and Lee(9) added to the latter by suggesting 
that RI greater than 80% indicated an unsatisfactory 
result. Miller et al(14) classified the results as satisfac-
tory when RI was less than or equal to 39% and un-
satisfactory when it was greater than 40%. However, 
the three classifications cited above can be criticized. 
According to the classification of Miller et al(14), a hip 
with evident diminution of RI while still remaining 
greater than 40% is considered to be an unsatisfactory 
result. According to Silver et al(13), a patient who un-
dergoes tenotomy of the adductor muscles with a hip 
that is already severely dysplastic and will probably 
undergo bone surgery shortly is considered to have an 
unsatisfactory result. According to Kalen and Bleck(12), 
a patient with a normal hip who presents an increase 
in RI greater than 10% but the hip remains normal is 
considered to have a poor result. Based on this analy-
sis, the classification of Kalen and Bleck(12) was used 
in the present study but the initial situation was also 
assessed in relation to the final situation (Tables 5, 6 
and 7). In evaluating the right side, good results were 
seen in 92% of the subluxated hips, 80% of those at 
risk and only 48% of the normal hips. However, from 
comparison between the initial and final situations, we 
observed that out of the 21 normal hips, 14 remained 
normal, six went to the at risk group and only one 
subluxated (Table 5). This demonstrates the importan-
ce of evaluating the results using different methods. 
These good results were repeated in evaluating the 
left side (Table 6). Comparing these results with the 
literature, there was agreement with the conclusion 
of Presedo et al(15), who found that releasing the soft 
tissue provided effective treatment and prevention of 
hip subluxation in cases of cerebral palsy. Obviously, 
evaluations on patients whose hips are worse provide 
inferior results, as seen in other published papers(11) 
(Tables 4 and 7). It is worth mentioning that it was 
impossible to establish a control group in this study, 
since there are other indications for this surgery in 
addition to prevention of subluxation.
The acetabular index was measured in the present 
study, and a preoperative mean of 23.82 degrees was 
found. No statistical difference was found through com-
paring the results from patients with AI ≤ 27.5 with 
those with AI > 27.5, although there was a slight ten-
dency towards better results in hips with a smaller AI, 
as demonstrated by Terjesen et al(11).
It needs to be borne in mind that both of these ra-
diographic measurements are subject to variations when 
measured by different observers, or even by the same 
Table 5 – Results according to Reimers’ index on the right side 
before and after the operation
Postoperative RI
Preoperative right-
side RI
Normal At risk Subluxated Total
Normal 14 6 1 21
At risk 4 6 0 10
Subluxated 3 4 6 13
Total 21 16 7 44
Source: SAME-ISCMSP
RI: Reimers’ index 
Table 6 – Results according to Reimers’ index on the left side 
before and after the operation
Postoperative RI
Preoperative left-
side RI
Normal At risk Subluxated Total
Normal 15 0 0 15
At risk 4 8 3 15
Subluxated 2 7 5 14
Total 21 15 8 44
Source: SAME-ISCMSP
RI: Reimers’ index 
Table 7 – Results according to Reimers’ index for both sides 
before and after the operation
 Postoperative total RI
Preoperative total RI Normal At risk Subluxated Total
Normal 11 1 0 12
At risk 3 8 3 14
Subluxated 3 6 9 18
Total 17 15 12 44
Source: SAME-ISCMSP
RI: Reimers’ index
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observer. Parrott et al(16) concluded that a standard de-
viation of around 8% should be accepted for RI and four 
degrees for AI.
In relations to the patients’ ages at the time of the 
surgery, Kalen and Bleck(12) found better results in youn-
ger patients, and recommended that surgery should be 
performed before the age of five years. Sharrard et al(17) 
and Onimus et al(18) also found these result. On the other 
hand, no difference was found in the present study be-
tween patients operated before and after four years of 
age, in accordance with other studies: Silver et al(13), 
Cottalorda et al(19), Turker and Lee(9), Terjesen(11) and 
Presedo et al(15).
There was no statistical significance in relation to the 
initial walking condition, as in the results from Silver 
et al(13) and Cottalorda et al(19). However, in the present 
study, good results were observed in 70% of the com-
munity walkers, versus 40% of the home walkers and 
48% of the non-walkers, thus demonstrating a tendency 
towards better results for the community walkers.
The duration of the follow-up is an important variable 
for analyzing the results, and it was frequently discussed 
in previous published papers. Reimers et al(7) and Oni-
mus et al(18) presented a mean follow-up of three years. 
Kalen and Bleck(12), Silver et al(13) and Miller et al(14) 
presented follow-ups of four to five years. Turker and 
Lee(9) demonstrated that the good results deteriorated 
with longer follow-up. Terjesen et al(11) recommended 
a minimum follow-up of six years for evaluating the re-
sults. This worsening is expected because the evolution 
towards subluxation does not stabilize until skeletal ma-
turity is attained(9). Based on these data, we divided our 
patients into two groups: the first with follow-up greater 
than or equal to five years and the second with follow-up 
less than five years. We clearly saw a tendency towards 
worse result among the patients with greater follow-up, 
but without statistical significance (Figure 7).
CONCLUSION
The radiographic results obtained from the present 
study make it possible to conclude that the soft-tissue 
surgery should be performed as early as possible, inde-
pendent of age, walking condition, type of spasticity, 
AI, RI or sex, among patients with cerebral palsy who 
clinically present hip abduction less than 30 degrees, be-
cause of the benefits relating to walking, hygiene, pain 
relief and prevention and treatment of subluxation.
REFERENCES
Bleck EE. The hip in cerebral palsy. Orthop Clin North Am. 1980;11(1):791. 104.
Hoffer MM, Stein GA, Koffman M, Prietto M. Femoral varus-derotation osteoto-2. 
my in spastic cerebral palsy. J Bone Joint Surg Am. 1985;67(8):1229-35.
Miller F, Slomczykowski M, Cope R, Lipton GE. Computer modeling of the 3. 
pathomechanics of spastic hip dislocation in children. J Pediatr Orthop. 
1999;19(4):486-92.
Howard CB, McKibbin B, Williams LA, Mackie I. Factors affecting the incidence 4. 
of hip dislocation in cerebral palsy. J Bone Joint Surg Br. 1985;67(4):530-2.
Bagg MR, Farber J, Miller F. Long-term follow-up of hip subluxation in cerebral 5. 
palsy patients. J Pediatr Orthop. 1993;13(1):32-6.
Abel MF, Blanco JS, Pavlovich L, Damiano DL. Asymmetric hip deformity and 6. 
subluxation in cerebral palsy: an analysis of surgical treatment. J Pediatr Orthop. 
1999;19(4):479-85.
Reimers J. The stability of the hip in children. A radiological study of the results of 7. 
muscle surgery in cerebral palsy. Acta Orthop Scand Suppl. 1980;184:1-100.
Turker RJ, Lee R. Adductor tenotomies in children with quadriplegic cerebral 8. 
palsy: longer term follow-up. J Pediatr Orthop. 2000;20(3):370-4.
Miller F, Bagg MR. Age and migration percentage as risk factors for progression 9. 
in spastic hip disease. Dev Med Child Neurol. 1995;37(5):449-55.
Tönnis D. Normal values of the hip joint for the evaluation of X-rays in children 10. 
and adults. Clin Orthop Relat Res. 1976;(119):39-47.
Terjesen T, Lie GD, Hyldmo AA, Knaus A. Adductor tenotomy in spas-11. 
tic cerebral palsy. A long-term follow-up study of 78 patients. Acta Orthop. 
2005;76(1):12837.
Kalen V, Bleck EE. Prevention of spastic paralytic dislocation of the hip. Dev 12. 
Med Child Neurol. 1985 Feb;27(1):17-24.
Silver RL, Rang M, Chan J, de la Garza J. Adductor release in nonambulant 13. 
children with cerebral palsy. J Pediatr Orthop. 1985;5(6):672-7.
Miller F, Cardoso Dias R, Dabney KW, Lipton GE, Triana M. Soft-tissue release for 14. 
spastic hip subluxation in cerebral palsy. J Pediatr Orthop. 1997;17(5):57184.
Presedo A, Oh CW, Dabney KW, Miller F. Soft-tissue releases to treat spas-15. 
tic hip subluxation in children with cerebral palsy. J Bone Joint Surg Am. 
2005;87(4):832-41.
Parrott J, Boyd RN, Dobson F, Lancaster A, Love S, Oates J, et al. Hip dis-16. 
placement in spastic cerebral palsy: repeatability of radiologic measurement. J 
Pediatr Orthop. 2002;22(5):660-7.
Cottalorda J, Gautheron V, Metton G, Charmet E, Maatougui K, Chavrier Y. 17. 
Predicting the outcome of adductor tenotomy. Int Orthop. 1998;22(6):374-9.
Sharrard WJ, Allen JM, Heaney SH. Surgical prophylaxis of subluxation and dis-18. 
location of the hip in cerebral palsy. J Bone Joint Surg Br. 1975;57(2):160-6.
Onimus M, Allamel G, Manzone P, Laurain JM. Prevention of hip dislocation 19. 
in cerebral palsy by early psoas and adductors tenotomies. J Pediatr Orthop. 
1991;11(4):432-5.
